The paper aims to analyse the main driving forces behind the changes in milk revenue in Lithuania during 1993-2013 by the virtue of the index decomposition analysis. Specifically, an index decomposition model based upon Shapley value is introduced to account for dynamics in endogenous and exogenous factors underlying dynamics of the revenue. Particularly, the number of cows, average milk yield, market integration, milk composition, and milk price are considered as the main factors causing variation in milk revenue. The country level data are used for the analysis.
Introduction
Agricultural performance is affected by both endogenous and exogenous factors. Therefore there is a need to identify the sources in variation of the agricultural output or revenue. Indeed, in order to disentangle the impact of such endogenous factors as productivity growth, it is necessary to isolate the effects of various endogenous factors (e. g. price fluctuations) and endogenous factors related to the scale of operation (i. e. harvested area, number of cows etc.). As regards agricultural revenue, identification of the key drivers in the variation might enable to identify and quantify the most important sources of changes and, possibly, to mitigate the associated risks.
These aims require application of appropriate mathematical techniques. Index number theory has been widely employed in the area. T. Baležentis et al. (2012) applied index decomposition analysis (IDA) model based on the Logarithmic Mean Divisia Index to analyse the performance of Lithuanian rural tourism farms. A similar approach was taken by A. Kozlovskaja (2013) , who applied variance decomposition analysis to analyse risk associated with crop farming in Lithuania. 9 The "ideal" method for index decomposition analysis should satisfy such properties as time reversal, factor reversal, and perfect decomposition (Ang, 2009 ).
Whereas such methods as the Logarithmic Mean Divisia Index satisfy the properties of time reversal and perfect decomposition, the order factors enter into the IDA model remains important (i. e. factor reversal is important). To overcome the drawback, the Shapley decomposition was proposed (Albrecht, 2002; Ang, 2009) . Indeed, it is due to P. De Boer (2009) that the Shapley index number can be traced back to Siegel index number. Energy economics remains as the primary area of application of the Shapley index (Yu, 2014; Han, 2014; Zhang, 2014) .
Dairy sector is rather important across the Baltic States in terms of output and inputs (for instance, labour force). A. Gapšys et al. (2009) analysed the trends in distribution of shares of the value chain in the dairying sector. J. Ozolins (2012) identified the key development paths for dairy processing industry in the Baltic States. However, the literature still lacks a discussion in regards to the underlying factors of milk production and revenue in Lithuania. Especially, the use of IDA ensuring such previously mentioned properties as factor reversal needs to be implemented in order to identify the most important sources of revenue growth and the related implications. This paper aims to quantify the factors of milk revenue change by the means of index decomposition analysis. The following tasks are therefore set: 1) to define the index decomposition analysis model for milk revenue; 2) to describe the Shapley decomposition; 3) to decompose the changes in milk revenue in Lithuania. The paper relies on the country level data for Lithuania covering the period of 1993 -2013 (Statistics Lithuania, 2015 .
Methodology
We define milk revenue as a product of the selling price per tonne of milk of basic fatness (3.4%) and the amount of milk sold. Then, the following equation factorizes milk revenue in terms of the explanatory factors:
where the following notations are used: t -period t , R -milk revenue, C -the number of cows at the end of period, Y -the total milk production (natural fat), Mthe sold (marketed) milk (natural fat), B -the amount of sold milk (basic fat), and P -the price of milk of basic fatness. Some relative indicators can be considered on the basis of the aforementioned absolute ones (cf. Eq. 1): y is average milk yield, m is the degree of market integration, and b is a factor related to milk composition.
In a dynamic setting, we can focus at the two time periods, 0 and t. Then, the change in the total milk revenue is decomposed as follows:
where , , , ,
  are the effects associated with respective factors. The effects need to be estimated via IDA in order to reveal their influence on the change in overall revenue.
As it was already said, the Shapley value can be employed in IDA to allow for some appealing properties. In our case, it is important to ensure the property of factor reversal. The Shapley value, indeed, accounts for all possible patterns of changes in factors causing variation of milk revenue.
The Shapley value (Shapley, 1953; Ang, 2009 ) is defined as a marginal contribution of a factor of interest to the overall change in milk revenue:
where the following notations are used: n -the number of factors of interest, S -a set of factors which obtain new values in period t , i. e.   
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The proposed decomposition model takes into account an exogenous factor (viz. milk price) and endogenous ones (namely the number of cows, average milk yield, the degree of market integration, and milk composition). Indeed, endogeneity of the milk price might be questioned as it is also dependent on the quantity of milk sold, yet, under the quota system, the latter impact might be not as important. Given no deflatory measures are included in the model, the price effect also accounts for inflation. The effect of number of cows mainly represents extensive development of dairying sector.
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Milk yield effect indicates whether the productivity of dairying is increasing. Market integration factor is quite ambiguous: on the one hand it represents involvement in the value chain, on the other hand direct marketing might be neglected. The latter case might be especially relevant for small farms. Milk composition component and milk yield component capture the changes in breeding and feed quality. Therefore, the latter factors are important when assessing intensive development of dairying sector. In particular, such practices as animal recording might have a positive impact upon these variables. Note that the proposed model does not encompass all the possible factors affecting milk price and, therefore, revenue. For instance, protein content could also be included in the model to account in differences of milk composition. The model rests on the aggregate data for Lithuania (Statistics Lithuania, 2015) . 
Results
IDA has is carried out for the two periods separately. First, the pre-EU period covering years 1993-2004 is analysed. Second, the post-EU period of 2004-2013 is analysed. Indeed, accession to the European Union is related to changes in support policy and price variation. In the sequel, we will focus on the dynamics of the main indicators related to milk revenue and present the results of IDA. In order to look at the changes of the importance of the different factors within the IDA model, the IDA is conducted in both a chain-linked and a period-wise manner. The period of 1993-2004 marked an increase of 59% in the total milk revenue in Lithuania. As one can note, the absolute indicators like herd size, total output and marketed output (Table 1) had decreased during the said period. Therefore, there had been no extensive developments in the dairying sector. The milk price, though, followed an upward trend in general. Indeed, it was the number of cows and milk price that showed the highest variation among the absolute indicators -coefficient of variation (CV) for the latter two variables exceeded 16%. Looking at the relative indicators (Table 2) reveals somehow different story. The two indicators related to dairying productivity, viz. milk yield and milk composition factor, exhibited positive trends. Specifically, average milk yield went up from 3.05 t/cow up to 4.26 t/cow, i. e. the increase of 40% had been achieved. As regards the milk composition factor, its value increase at a margin of 8%. Note that increase in the latter indicators implies increase in milk fat.
Considering the market integration, one can see that a decrease of 4 percentage points had been observed during 1993-2004. This can be explained in two ways: first, relatively lower amount of milk output used to be sold for dairy processing sector due to unfavourable pricing, second, a certain part of milk output might have been marketed informally (what, in fact, does not necessarily imply income loss). Fig. 1 . Note that the periods of 1993-1994, 1998-2000, and 2001-2003 showed a decrease in the total milk revenue. The IDA suggests that the decrease of 1993-1994 was mainly driven by the decreasing number of cows and market integration (i. e. lower share of milk output was sold). As for 1998-2000, a negative milk price effect was observed besides the two aforementioned factors. Indeed, a decreasing number of cows had virtually the same absolute impact on change in milk revenue throughout 1997-2000. The decrease of 2001-2003 was mainly fuelled by decreasing milk prices.
The period of 2004-2013 was specific with somewhat lower variation in absolute variables (Table 3 ) if opposed to the preceding period. However, the total milk revenue maintained the same CV mainly due to changes in milk price. Both the number of cows and milk output were specific with negative growth rates of -27% and -7%, respectively. The amount of milk sold, though, tended to increase by some 18%. These findings imply that the dairying sector evolved in terms of farm structure and the said developments generally contributed to increase in productivity. Indeed, decrease in the share of milk produced by small farms might have yielded decrease in a number of cows, whereas expansion of larger farms partially alleviated that decrease and fuelled increase in the amount of milk sold. Note that milk price and revenue featured the highest CVs with other variables being specific with much lower values of the said indicator. Milk yield continued to grow during 2004-2013 and went up by some 28%. Another important change was increase in the market integration factor of some 16 percentage points. As regards the milk composition factor, it remained virtually unchanged. Therefore, the period of 2004-2013 featured intensive development in terms of milk yield growth, yet changes in milk composition were close to nil. Indeed, the decrease in the growth rate of the milk composition factor indicates that the 14 herd structure might have been optimised in terms of breeds in Lithuania and further improvements in this direction are not that important. However, fodder can still be an important factor as milk yield is still increasing. Fig. 2 presents results of the chain-linked IDA for [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . As one can note, the changes in the total milk revenue were positive for most of the periods save those of 2008-2009 and 2011-2012 . In both of the latter cases, milk price was the key reason for decline of the milk revenue. However, it was milk price that kept income growing throughout the other periods. A decrease in number of cows caused losses in the revenue, yet these had been compensated by other factors. The presence of a positive influence of the market integration remained evident throughout most of the periods, however their absolute size remained stable irrespectively of the overall change in the milk revenue. Yield effect was also positive in most of the periods with exception for 2007-2010. Table 5 . Both absolute and relative estimates are presented. The results show that in case other factors had remained fixed, the total milk revenue would have decreased by some 74 million EUR due to decrease in the number of cows during 1993-2004. However, the latter effect was solely compensated by the price effect. Indeed, these two effects were the most significant ones in both of the considered periods. The relative importance of the extensive development, as identified by C R  , has decreased in the second period even though the absolute value has increased. The period of 2004-2013 shows a steep increase in the market integration effect, which marks a transition towards commercial dairy farming if opposed to subsistence dairying. It can also be concluded that increase in milk yield and fat rendered increases in the total revenue of 67 million EUR and 75 million EUR during 1993-2004 and 2004-2013, respectively . These gains can be considered as a direct result of technical change (innovations) occurred in the dairying sector.
Conclusions
1.
A new index decomposition analysis model for milk revenue analysis has been introduced. The proposed model satisfies several desirable properties such as factor reversal and thus provides a means for a multi-factor analysis of milk revenue.
2. Application of the proposed technique suggests that the changes in the number of cows and milk price were the most decisive factors influencing milk revenue. Indeed, they were active in opposite directions with increase in milk prices causing a positive change in milk revenue. Therefore, it can be concluded that such practices as animal recording and application of improved fodder have increased milk revenue by 67 million EUR and 75 million EUR during 1993 EUR during -2004 EUR during and 2004 EUR during -2013 3. It is evident that exit of small farms lead to increase in the market integration factor. However, the economic impact of this development requires further research as the share of the intra-farm use of the milk output needs to be estimated.
4. The proposed model could be employed at different levels of agricultural sector. Farm-level analysis might reveal certain patterns within different regions, farm size groups etc. International comparison would yield the same information and thus certain insights into sources of competitiveness prevailing across certain countries.
